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1. OBJECTIVES

The objectives of this program arc as follows:

A. To study the susceptibility to etress-corrosion cracking of rocket-
motor case materials: e.g., Vascojet 1000, Type 300M, and ladish DOPAC steels,
Al355 end PH 15-7 lio stainless steelz, and Bl120VCA titanium

B. To study the environmental perameters, incluading the atmosphere
cutsiue the rocket case, that affect the rate and extent of stress corrosion

C.  Toc cdetermine the effect of material varameters - composition,
strength level, welding, micro-structure, surface conditions, etc. - on the
cuslLe =S CLiln process

D. To devise 3nd evaluste techniques for preventing the stress-corrosion

cracking ¢f rociret-moctor case materials.
ir, wORK PROGRESS

A, INTRODUCTICH

The six allcys being evaluated in this program are Vascojet 1000
nlloy steel, Titanium Bl2GVCA alloy, AM355 stainless steel, ladish DGAC alloy
steel, 3004 alloy steel, and PH 15-7 o stainless steel. The environments
in which the stress-corrosicn studies are being made are those "naturel" environ-
zents thet the elloys are subjected to during the fabrication, testing, and

service of rccket-motor cases. Such environments include air, tap water, dis-
tilled water, selt water, inhibited water, soluble oils, organic preservatives,
chlorinated organic solvents, high humidity, eand solid propellant combinaticns.
Oring to the importance of the effect of solid propellants on the stress-
corrosisr retes of the alloys beirg studied, the so0lid propellant environment
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vwill be undertaken at length during the second year of the program, in order that
more extensive studies can be made on the most promising alloys. All six alloys
at various strength levels will be tested in all of the other environments dur-
ing the first year of the program, stressed at 75% of the yield strength. To
test all the alloys completely by the end of the first year, the envircnmental
stress-corrosion tests will be limited to a period of three weeks in each environ-
ment, with the exception of the test in air, which will be conducted for four
weeks,

B. VASCOJET 1000 ALLOY STEEL

Testing in 9 of the 1l environments was completed for this alloy.
The particular enviromments in which the testing was completed are air, tap
water, distilled water, sodium chloride solution, sodium dichromate solution,
marquench salt solution, soluble oil solution, trichloroethylene, and cosmoline.
The two remaining environments yet to be tested are the soluble oil and high
humidity. The only failures encountered with this alloy were with the speci~
mens stressed at 175,000 to 180,000 psi in the enviromments of tap water, dis-
tilled weter, and the sodium chloride solution. See Table 1 for the complete
sumary of test data accumulated to date. Illustrations of some of the typical
feilures obtained with this alloy are contained in Report No. Ok1lL-0l-3,

c. TITARIUM Bl120VCA ALLOY

The stress-corrosion testing of this alloy was completed in eight
environments, and testing in the ninth environment, air, is nearing completion.
The two environments that remain to be tested are the soluble oil and high
humidity. Teble 2 sumarizes all the test data accumulated to date. It will
be noted that only four specimers of this alloy falled, two in the sodium
chloride solution and two in the trichloroethylene. However, in view of the
low stress level and the rapid failure of these specimens, it is believed that
these fallures were premature and probably caused by cracked or otherwise
defective specimens. These specimens are being examined in order to determine
the exact cause of failure.
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D. AM355 STAINLESS STEEL

The fabrication of two-thirds of the specimens from this alloy was
completed, and the environmental stress-corrosion testing of these specimens wvas
initiated in nine environments. Testing has not been started in the soluble oil
and high humidity enviromments. No failures have been noted after two days of
testing. The remaining specimens are being cut to proper lengths as the final
fabrication step prior to the environmental testing. Table 3 swmarizes the
mechanical properties of this alloy.

E. IADISH DSAC ALLOY STEEL

The specimen fabrication of this alloy was completed, and the environe
mental stress-corrosion testing wes initiated in nine environments. Testing wes
not started in the soluble oil and the high humidity environments. No failures
were observed after one day of testing.

F. TYPE 300M ALLOY STEEL

The specimen fabrication of this alloy is nearing completion,
with the final operation of cutting the specimens to appropriate lengths under
vay. The exact lengths were determined from the United States Steel Corpora-
tion Tables of Tensile Stresses in Bent Beams, the tensile stresses being 75%
of the yleld strengths reported in Tsble 4. The envirommental stress-corrosion
studies of this alloy will begin as goon as the specimens become avelilable.

G. PH 15-7 MO STAINLESS STEEL

This alloy, cold-rolled to approximately 200,000 psi yield strength,
vas received from the Wallingford Steel Company. Aging cycles were developed
to obtain yield strengths greater then 200,000 psi, and the data of this pre-
liminary evaluation are listed in Table 5. Specimens from this alloy were fab-
ricated (transverse to the direction of rolling) and are being aged to yield
strength levels to 240,000 psi., After aging and cutting to appropriate lengths,
the specimens will be subjected to the envirommental stress-corrosion tests.
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ITI. FUTURE WORK

The following testing will be completed by the end of the first year of
the progran.

A. The stress-corrosion tests of VascoJet 1000 and Bl20VCA Titanium in
the soluble oil and high humidity environments

B. The stress-corrosion tests of the Ladish DAAC in all the environ-
ments

c. The specimen fabrication and stress-corrosion tests of the AMDSS5,

- PH 15-T7 Mo, and 300M in all the enviromments

D. U-Bend tests on specimens that show the greatest resistence to the
bent-beam testing. This will allow for more severe testing where deemed appro-

priate.

Page U
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TABLE 1
BENT BEAM STRESS-CORROSION TEST DATA, VASCOJET 1000*
Yield Strength
0.2% Offuet %  No. of Time to Total Testing
psi x 10-7 Environment Specimens Fhilureédaxs) Time (days)
94,0 1l 3 NF‘ 28.0
2 3 ' 21.1
3 3 21.1
b 3 21.1
5 3 21.0
6 3 21.1
7 3 21,0
¢ 8 3 | 21.0
194.0 9 3 NP 21.0
212.0 1 3 NF 28.0
! 2 3 1 21.1
3 3 21.1
b 3 21.1
) 3 21.
6 3 21.1
7 3 21.0
8 3 ) 21.0
212.0 9 3 NF 21.0
237.5 1 3 NF 8.0
¥Stressed at 75% of yleld strength
“Ehviroments identified as follows:
l. Alr
2. Marquench salt solution, 1 wt%
3. Sodium dichromate solutiom, 0.25 wt%
4, Trichloroethylene
5. Cosmoline
6. Soluble oil solution, 4 vol%
7. Tap water
8. Distilled water
9. Sodium chloride solution, 3 wt%
**No failure
Table 1
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Time to
Failure(days)

KF

135.7
14,7
15.7
7.6
7.8
8.9
6.9
10.0
10.1

2.7
8.8
9.7
1.8
3.2
k.3
1.2
1.7
6.7

Total Testing
Time

al.l
21.1
21.1
21,0
a1.l1

Table 1
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TABLE 2 .
BENT~BEAM STRESS-CORROSION TEST DATA, Bl20VCA PITANTUM”
Yield Strength
0.2% Offset, ‘ No. of Time to Total Testing
psi x 10-5*%  Enviromment*#*  gpecimens  Failure(dsys) Time (days)
137.5(L) ] 3 NP 24,0
) 2 3 (e 20.8
3 3 20.8
4 3 20.9
5 3 20.2
6 3 20.3
7 3 20.9
137.5(L) 9 3 NF 20.8
139.6(T) 1 3 NF 2k,0
T 2 3 2C.8
| 3 3 20.8
4 L 2 NF 2C.9
| 4 1 3.4 -
139.6(T) 5 3 NF 20.2
*Stressed at 75% of yield strength
**éng = Longitudinal
" {T) = Transverse
H*mw.romnents identified as follows:
1, Air
2. Marquench salt solution, 1 wt%
3. Sodium dichromate solution, 0.25 wt%
4, Trichloroethylene
5. Cosmoline
6. Soluble oil solution, U4 vol%
7. Tep water
8. Distilled water
qyde Soddum chloride solution, 3 wtfh
“No failure.
Table 2
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TARLE 2 (cont.)
Yield Strength

0.2% offe No. of Time to Total Testing
pei x 10 Environment #* Specimens Failure(da.ul Time(daxgz
NF

139.6(T) 3 20.3
i 1'
i | 20.8
g NF 20.8
‘ 0.00 --
0.03 -
NP k.0
! 20.8
20.8
20.9
20.2
20.3
20.9
20.8
20.8
24,0
20.8
20.8
20.9
20,2
20.3
20.9
20.8
20.8
24,0
20.8

liéfé(r)
149.2(L)

At

149.2(L)
145.6(T)
la

~

go—-—3g g

e e o

lh526(T)
157.8(L)
157.8(L)
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Yield Strength
0.2% Offssh

psi x 107

15'(.8(1.)

N

. 1s7v.8(L)
166.1(T)

e - o )
’

166.1(T)

Environment ek
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Time to

Feilure(days )
’m .
!
NF
NF
|
!
!
!

Total Testing
Time g days )

20.8
20.9
20.2
20.5
20,9
20.8
20.8
24,0
20,8
20.8
20.9
20.2
20.5
20.8
20.8
20.8

Table 2
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TABLE b
MECHANICAL PROPERTIES OF 300M TEST SPECIMENS'

Tewerdng 0.2% Offset Tensile Stre Elongation Rockwell C
Conditions psi x 10-3 __psi x 10° () in 2 in, _Hardness
750°P - 2 hr 195.2 2k2,1 7.0 47.5
800°F - 2 hr 195.7 239.9 C 1.5 47.0
196.4 240,3 7.5 46,5
700°F - 2 hr {208,8 247,0 7.0 49.0
750°F - 2 hr 2141 255,3 7.0 50,5
216.5 257.0 7.0 ¥7.5
550°F - 2 hr 232,3 279.6 6.0 51.5
600°F - 2 nr 232.6 278.2 6.5 51.5
234.3 281.2 6.0 51,5

* Normalized at 1675°F for 1 hour, air-cooled, austenitized at 1650°F for
15 min, oil-quenched, and tempered under the conditions indicated.

Table 4
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TABIE 5
MECHANICAL PROPERTIES OF PH 15-7 MO STAINLESS STEEL
TENSILE SPECIMENS"

Aging Yield Strength Tensile

e e ertin i 105 patase? Gr et in memess

(as receved)” Longttudinal B3 O 35 155 e

(As received) Transverse {196.0**** 235,00k | gurnx DA
900 Longitudinal 2747 276.0 2,0 52.0
900 Transverse 264.3 281.8 2.0 52.5
1000 Longitudinal 26k.1 267.3 2,0 52.0
1000 Transverse 264.9 279.3 2.0 52.5
1050 Longitudinal 236.7 2i3.2 2.3 49.0
1050 Transverse 240,9 252.3 3.5 49.5
1075 Longitudinal 215.8 224.1 2.8 48.0
1075 Transverse 225,6 240,9 2.5 48.0
1100 Longitudinal 205.5 214.6 3.8 46.0
1100 Transverse 210.6 226.1 3.5 46.0
1125 Longitudinal 185.4 200.7 5.5 k4,5
1125 Trensverse 193.1 2143 3.8 k4.0
1150 Longitudinal 165.4 186.9 8.0 .5
1150 Transverse 185.0 208.5 5.5 43.5

*Ased' for 1 hr at the temperatures indicated
**Cold-rolled

K%
Aerojet data
Vendor data

Table 5



